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Docket No.: 27656/38365A 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Ernst Hafen et al. 

Application No.: 10/509,558 Confirmation No.: 1027 

Filed: March 25, 2005 Art Unit: 1 649 

For: GROWTH REGULATING PROTEINS Examiner: G. S. Emch 

DECLARATION UNDER 37 C.RR. 81,132 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, Barbara Froesch, declare the following: 

1 . I graduated in 1 992 from the Swiss Federal Technology Institute 
(ETH) in Zurich, where I sUidied pharmaceutical sciences. After the Ph.D. work in the 
Department of Oncology at the University Hospital of Zurich, I dedicated three years to the 
study of tumor biology in Dr. John Reed' s laboratory at The Bumham Institute in La Jolla, 
USA. I joined The Genetics Company, a spin-off of the University of Zurich and the ISREC 
of Epahnges, as a research scientist in January 1999 and I am currently head of the Biology 
Department and program manager for cancer therapeutics. 

2. I submit this declaration to address facts relating to the discovery of a 
typographical error in the above-identified application as filed to the sequence of the Epsin 
NH2-termina] Homology (ENTH) domain as listed in the specification at page 2. 
Specifically, the sequence of the ENTH domain provided at page 2 of the specification 
contains errors at three (3) locations which would have been obvious from an examination of 
the reference cited as the source of the ENTH domain (Kay et al.. Protein ScL 8: 435-438 

1 



Application No. 10/509,558 



Docket No.; 27656/38365A 



(1999); Appendix 2), the reference cited as the source of the EPSIN protein (Rosenthal et al., 
J Biol Chem 274(48): 33959-33964 (1999); Appendix 3), as well as in the sequence listings 
of the application itself. 

3. In reading the specification and sequence listing of the application, one 
of ordinary skill in the art would have recognized an internal discrepancy in the application as 
filed between the summary sequence of the ENTH domain at page 2, lines 29-31, of the 
specification and the actual sequences as presented in Seq. ID Nos 1 , 2, 3, 4, and 5. This 
inconsistency is best viewed by an alignment of the sequences, as shown below. The 
alignment also includes the sequences of the ENTH domains of EPSIN proteins from the 
Rosenthal et al. reference and the consensus sequence of ENTH domains from the Kay et al. 
reference, where the number in parentheses is the number of the amino acid residue that 
begins the ENTH domain in each sequence. 
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4. 



In order to reconcile this discrepancy, one of skill in the art would have 



consulted the Kay reference cited in the specification at page 6, lines 33-34 (fully cited at 
page 39, lines 32-35) concerning the ENTH domain and the Rosenthal reference cited in the 
specification at page 6, line 35 (fully cited at page 41, lines 13-16) concerning EPSIN 
proteins. The Kay reference contains the same summary sequence in its abstract (Appendix 
1, p 435) and in its text (Appendix 1. p 436, column 1, lines 3-4 and p 437, colunm 1, lines 2- 
3) as that in the specification of the present application. However, the person of skill in the 
art would have recognized the definitive source of the summary sequence as the analysis of 
the primary sequences of 1 1 proteins containing ENTH domains (Appendix 1, Figure 1), 
where the sequences of the 1 1 proteins are aligned, and the spacing between the 
evolutionarily conserved residues is accurately presented in the consensus sequence, giving 
the correct summary sequence of the ENTH domain. In addition, the person of skill in the art 
would have recognized that the ENTH domains of the EPSIN proteins of the Rosenthal 
reference are consistent with the consensus sequence of the Kay reference (see alignments 
above and Appendix 2, Fig 1 A), and recognized that the ENTH domain summary sequence 
was a simple typographical error. 



are true, that all statements made on infomiation and belief are believed to be true, and 
further that these statements were made witli the knowledge that willful false statements and 



5. 



I further declare that all statements made herein of my own knowledge 



the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001. 



Dated: December 2005 




Barbara Froesch 



5 
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Curriculiim Vitae 



Barbara Alessandra FROESCH, Ph.D. 
Weidstrasse 25 
8932 Mettmenstetten 



DATE OF BIRTH: May. 10th 1968 

NATIONALITY : SwiSS 



EDUCATION : 1/1996 : Doctoral degree ETH in natural sciences 

1993-1 995 : Ph.D. training at the Division of Oncology of the University 
Hospital, Zurich, CH. Thesis: "Combination of cytotoxic 
immunoconjugates and molecular intervention in bcl-2 oncogene 
expression to overcome multidrug resistance in small cell lung cancer". 
Supervisors: Rolf Stahel, MD, Professor at the University Hospital of 
Zurich and Gerd Folkers, Ph.D., Professor of Phamnaceutical 
Chemistry at the ETH Zurich. 

1992 : Swiss Federal Master in Pharmaceutical Sciences ETH. 

1987-1992 : Study of Pharmaceutical Sciences at the Swiss Federal 
Institute of Technology (ETH), Zurich, CH. 

EMPLOYMENT: Since 1/2004 : Department Head Biology, The Genetics Company, 
Zurich. CH 

Since 1/2002 : Program Manager Cancer Therapeutics, The Genetics 
Company, Zurich, CH 

2001-2004 : intellectual Property Manager, The Genetics Company, 
Zurich 

1999-2001 : Scientist, The Genetics Company, Zurich. CH. 

March 1996-Januarv 1999 : Postdoctoral fellow. The Burnham 
Institute, La Jolla, CA. USA. "Role of the Bcl-2-associated BAG-1 
proteins in prostate cancer", and "Regulation of p53 transcriptional 
activity in chemoresistant cancer". 

Supervisor: John C. Reed, M.D.. Ph.D. 

1993-1996 : Pharmacist (part-time employment), Aponova Apotheke, 
Glattzentrum, Wallisellen 

1991-1992 : Pharmacist-assistant (part-time emplyment), several 
Swiss pharmacies. 



875822V 1 



1990-1991 : Practical training In a pharmacy. Lintheschergasse- 
Apotheke, Zurich. CH. Supervisor: K. Egloff, Ph.D. 

LANGUAGES Italian: native language 

German, French, English: very good knowledge (oral and written) 



List of Publications 



Hafen E., Schutt. C, Froesch, B. Drosophila - a model system for targets and lead 
identification in cancer and metabolic disorders. In Model Organisms in Dnjg Discovery, 
Pamela Carroll and Kevin Fitzgerald, editors. In Press 

Kramps T.*. Peter O.*, Bmnner E.*, Nellen D., Froesch B.. Chatterjee S.. Murone M., 
Zullig S.. and Basler K. Wnt/wingless signaling requires BCL9/legless-mediated 
recruitment of pygopus to the nuclear beta-catenin-TCF complex. Cell 109(1):47'60 
2002, 

Bentires-Alj M., Dejardin E.. Viatour P., Van Lint C, Froesch B., Reed J. C. Merville M. 
P., and Bours V. Inhibition of the NF-kappa B transcription factor increases Bax 
expression in cancer cell lines. Oncogene 20(22):2d05'13, 2001, 

Froesch B.A.*, Knee D.A.*, Nuber U., Takayama S.. Reed J.C. Structure-function 
analysis of Bag1 proteins. Effects on androgen receptor transcriptional activity. J, Biol 
Chem. 276f76):12718-24, 2001. 

Froesch, B.A., Aime-Sempe. C. Leber. B., Andrews, D., and Reed. J.C. Inhibition of p53 
transcriptional activity by Bcl-2 requires its membrane anchoring domain, J, Biol. Chem. 
274:6469-6475, 1999. 

Froesch, B.A., Takayama, S„ and Reed, J. C. BAG-1L protein enhances androgen 
receptor function. J. BioL Chem. 273: 11660-11666, 1998. 

Matsuzawa, S., Takayama, S.. Froesch, B. A.. Zapata, J. M., and Reed, J. C. p53- 
Inducible human homologue of Drosophila seven absentia (Siah) inhibits cell growth: 
suppression by BAG-1, EMBOJ. 17 (10):2736'2747, 1998. 

Liu, R.. Takayama, S., Zheng, Y.. Froesch, B.. Chen, G.O., Zhang. X.. Reed. J.C. and 
Zhang. X.K. Interaction of BAG-1 with retinoic acid receptor and its inhibition of retinoic 
acid-induced apoptosis in cancer cells. J. B/o/. Chem. 273(27):1 6985-92, 1998. 

Zimmermann, S.. Weis, W.. Froesch, B. A., Gerstmayer, B.. Stahel, R. A., 
Zangemeister-Wottke, U. A novel immunotoxin recognising the epithelial glycoprotein-2 
has potent antitumoral activity on chemotherapy-resistant lung cancer. Cancer 
Immunology Immunotherapy 44: 1-9, 1997. 

Froesch, B. A., Luedke G. H., Ziegler, A., Stahel, R. A. & Zangemeister-Wittke, U. The 
synergistic effect of a doxombicin immunoconjugate and bc/-2 antisense oligonucleotWes 
on non-resistant and drug resistant small cell lung cancer cell lines, Tumor Targeting 2: 

265-278, 1996. 

Froesch, B. A.. Stahel, R. A. & Zangemeister-Wittke, U.. Preparation and functional 
evaluation of new doxorubicin immunoconjugates containing an acid sensitive linker on 
small cell lung cancer cells. Cancer Immunology Immunotherapy: 42: 55-60, 1996. 



Zangemeister-Wittke, U.. Collison, A. R.. Frosch, B.. Waibel. R.. Schenker» T. and 
Stahel. R, A.. Immunotoxins recognising a new epitope on the neural cell adhesion 
molecule have potent cytotoxic effects against small cell lung cancer. Br. J. Cancer 69, 
32-39, 1994, 



Patent applications 

Basler, K., Brunner. E., Froesch, B., Kramps, T., Peter. O. Essential downstream 
component of the wingless signaling pathway and therapeutic and diagnostic applications 
based thereon. Publication number: US2001 00091 5543 



List of Presentations at Scientific 
Meetings 



Froesch, B. A. "From Startup toward fully integrated drug development company" 
Wokshop organized by Maybridge, Bregenz, Austria 2003 (invited speaker) 

Froesch, B. A., From a disease model to a potential therapy for colon cancer. First 
European conference on cell-based assays & high content screening, September 2003, 
London UK (Invited speaker) 

Froesch, B. A. From the fruit fly to a potential therapy for colon cancer. MipTec 2003, 
Basel, Switzerland (Invited speaker) 

Froesch, B. A., From a d isease model to a potential therapy for colon cancer. A/ ove/ 
approaches for the discovery of anticancer agents, Freiburg, Germany, June 2003 
(Poster discussion session) 

Froesch, B. A., Alm6-Semp6, C, Leber, B.. Andrews, D., and Reed, J. C. Inhibition of 
p53 transcriptional activity by Bcl-2 requires its membrane anchoring domain. 90tli 
Annual Meeting of the American Association for Cancer Research, April 1999, 
Philadelphia (poster discussion session) 

Froesch, B. A., Takayama, S., and Reed, J. C, BAG-1L protein enhances androgen 
receptor function. Keystone Symposia, March 1998, Lake Tahoe (poster) 
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Abstract: Wc have identified a — 140 amino acid domain that is 
shared by a variety of proteins in budding and fission yeast, nem- 
atode, rat. mouse, frog, oat, and man. Typically, this domain is 
located within 20 residues of the N-terminus of the various pro- 
teins. The percent identity among the domains in the 12 proteins 
ranges from 42 to 93%, with 16 absolutely conserved residues: 

N-X,,.,3.V-X2-A-T-X34.36-R-X7_8-W-R-X3.K-X,2-G-X-E-X|5-L- 

Jti i-12-D-x-G-R-x I rD-X7-R. Even though these proteins share little 
beyond their segment of homology, data arc emerging that several 
of the proteins arc involved in cndocytosis and or regulation of 
cytoskeletal organization. Wc have named this protein segment the 
ENTH domain, for Epsin N-ierminal Homology domain, and hy- 
pothesize that it is a candidate for binding specific ligands and/or 
enzymatic activity in the cell. 

Keywords: AflO: clathrin; cyioskelcton; Dap 160; DPF; DPW; 
EH domains; endocyiosis; EpslS; Epsin; homology; imersectin; 
MP90; NPF; Pan I; protein-protein interaction 



The ENTH domain is a highly conserved amino terminal domain 
of ^140 amino acids that is found in a variety of proteins from 
numerous species. ENTH domain-containing proteins were first 
identified in several laboratories because their divergent carboxy- 
icrmini interact with EpslS Homology (EH) domains (Chen et al., 
1998; Yamabhai el al., 1998; Wcndland & Emr, 1998). The EH 
domain has recently been described as a protein interaction module 
contained in proteins involved in cndocytosis (Di Fiore ct al., 

1997) and regulation of the actin cytoskeleton (Wendland ct al., 

1998) . To understand its function in yeast. EH domain-binding 
proteins have been isolated by two- hybrid screening with the EH 
domains from the yeasi protein, Panlp, an essential protein for 
normal organization of the actin cytoskeleton (Tang & Cai, 1996) 
and cndocytosis (Wendland et al., 1996). The screen yielded the 
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yeast homolog of API 80, a clathrin-asscmbly protein, and three 
uncharacterized open reading frames (ORFs) as candidate inter- 
acting proteins (Wendland & Emr, 1998). Not only did the ycasi 
AP18G and ORF YDL161w proteins carry multiple copies of the 
putative EH ligand motif, asparagine-proline-phenylalaninc (NPF), 
in their C-tcrminal regions (Salcini et al., 1997). but dieir N-lermint 
were similar. A computet' search of the yeast genome revealed two 
other proteins, ORFs YLR206w and YJR125c. with N-terminal 
sequences, which strongly resembled those carried by the YDL16 1 w 
protein. 

Simultaneous to the work in yeast, two other proteins bearing 
similar N-terminal sequences have been discovered in momnials. 
These proteins were isolated from rat and mouse through utfinity 
purification (Chen et al., 1998) and cDNA expression screening 
with different EH domains (Yamabhai et al., 1998), respectively. 
The rat protein, termed Epsin, binds to the EH domains of EpsLS. 
a substrate for the epidermal growth factor tyrosine kinase with 
three EH domains. EpslS is involved in clathrin- mediated cndo- 
cytosis (Fazioli et al.. 1993; Tebar ct al„ 1996; Carbonc et al.. 
.1997; Benmerah ct al.. 199S), and has been observed localized in 
nerve terminals where clathrin-mediatcd endocyiosis of synaptic 
vesicles occurs (Chen et al.. 1998). The mouse protein. Intei-sectin 
binding protein 2 (Ibp2), binds lo Intersectin. a novel protein that 
was identified in Xenoptts faevis that contains two EH domains 
and five Src Homology (SH) domains in its N- and C-icrmini. 
respectively (Yamabhai et al.. 1998). cDNAs encoding a human 
homolog of Intersectin (Guipponi et al., 1998) and a related protein 
in Drosophila melanogasier (Roos & Kelly. 1998). termed Dyna- 
min associated protein of 160,000 molecular mass (Dapl60). have 
been cloned recendy. 

Careful comparison of the primaiy structures of the proteins that 
interact with the EH domains of Panlp. EpslS, and Intersectin. 
revealed that they share a —140 amino acid conserved segment 
This segment, first noted in a plant (Oat) protein (Jones & Hooley, 
1997), occurs in 12 proteins currently in GenBank. in such diverse 
genomes as Saccharvmyces cerevisiae, Schispsaccfiarotnyces potnbe, 
Caenorttabditis elegans, Rastus norvegicus, Mas musculus, Xeno- 
pus laevis, Avenafatua^ and Honto sapiens. The alignment of this 
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novel domain is shown in Figure I. The primary siructura! identity 
among the sequences ranges between 42 and 93%, with 16 abso- 
lutely conserved residues, N-Xn-i3-V-X2-A-T-X34_3<i-R-X7_8-W-R- 
X3-K-x,rG-x-E-x,3-L-x,,_,2-D-x-G'R-XirD-X7-R. Imeresiingly. 
this conserved segment is present at or near the N-tcrminus of most 
proteins, even though their C-tcrminal sequences vary. Computer 
aJgorithms suggest that the domain is mostly a-helical in second- 
ary structure and lacks any (ransmeinbrane spanning regions. We 



have named this conser\'cd protein segment the "ENTH" domain, 
for Epsin N-Terminal Homology domain, ^af\er Epstn, I of the 12 
proteins. 

In GenBank searches, the only characterized protein with a re- 
gion that weakly matches (22% similarity) the ENTH domain is 
the clathrin assembly protein, API 80 (also known as AP-3. NP185. 
ppl55. Fl-20). Interestingly, 9 of the 16 residues absolutely con- 
served in the ENTH domain arc also conserved between the mouse. 
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Fig. 1. Alignment of the primary structures of the ENTH domains in 1 1 proteins. The domains were aligned with QustalW (htCp:// 
www2.ebi.ac.uk/clustalw/) and the Hgure was generated with ScqVu (v 1. 1). The amino acid positions are numbered on the left. Gaps 
have been introduced in some of ihe sequence to maximize their alignment. Identical residues shared by >509b of the 12 entries have 
been highlighted; residues shared by all the cnirics are highlighted in black. The absolutely conserved residues, along wiUi the number 
of intervening amino acids, arc shown in the consensus. AH sequences are full-length, except for Ibp2 which is missing its N-temiinus. 
Sc. Sp, Cc. Rn. Mm. XI, Af, and Hs abbreviations correspond to Saccharomyces certvisiae, Schizosaccharomyces pombe, Caeno- 
rhahditis eUga/u, Rottus norvrgicus, Mas muscutus, Xenopus laevis, Avena fatua, and Homo sapiens, respectively. The GenBank 
accession numbers are listed on the left column, except for Epsin. Ibp2. MP90. and AflO which are 3249559, 3063649, 2072301. and 
17241 14, respectively. Further descriptions regarding some of the proteins. YU3l61w (Wcndland et al., 1998). MP90 (Stukcnbcrg 
et al.. 1997). Epsin (Chen et al,. 1998). Ibp2 (Yamabhai et al.. 1998). and AflO (Jones & Hoolcy. 1997). can be found elsewhere. 
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human, and ycasi API 80 proteins (Wendland & Emr, 1998); more 
specifically, these arc N-Xiui3-y-X7-A-T-X34-36-R-X7-«-W-R-X3-K- 
X i2-G-x-E-X|5-L-X|i_i2-D-x-G-R-x,|-D-X7-R (matching residues are 
underlined). This region of similarity is contained within a larger 
segment (N-ierminal 33 kDa) of API 80 previously shown to bind 
polyphosphoinositides and inhibit claihrin assembly (Ye & Lafer, 
1995; Hao el al., 1997). This segment includes a motif implicated 
in the binding of phosphatidylinositol 3,4.5 irisphosphatc by 
centaurin-a (Hainmonds-Odie el al., 1996). While this motif falls 
within ihc region of API 80 similar to the ENTH domain, the 
consensus residues for lipid binding arc not conserved in the ENTH 
domaifL 

Figure 2 diagrams the relative locations of the ENTH domain 
and other short motifs within the 12 proteins. Based on the bio- 
chemical and genetic characlcrizaiion of only a few of the proteins, 
we postulate that these proteins are likely to function in endocyto* 
sis and/or regulation of the actin cyioskeleton. Ten of the 12 pro- 
teins contain sequences related to the clathrin-blnding motifs 
described in arrestin (Krupnick et al.« 1997), adaptor protein 
AP-3 (Dell* Angelica et al., 1998), and amphiphysin II (Ramjaun 
& Mcpherson, 1998). The proteins share either the motif 
L(UI.V)(D.E,G.N)(L,F)(D,E,Q) or the related sequence. LIDL- 
COO~. Interestingly, the rat Epsin protein, which carries the motif 
LVDLD. has recently been reported to bind clathrin (Chen et al.. 



1998). Many of the 12 proteins also carry the motif asparagine- . 
proline-phenylalanine (NPF) in their C-terminal regions. This mo- 
tif appears to be the ligand for the EH domains of Epsl5 (Salcini 
et al.. 1997), Panlp (Wendland & Emr, 1998), and Iniersectin 
(Yamabhai ct al., 1998). Finally, many of the proteins also carry 
multiple copies of the tripepiide sequences DPF or DPW, even 
within the ENTH domain itself (i.e., C34EI 1.1. T04C10.2. MP90. 
epsin. D79993). At present, it is unclear what function (s) these 
tripcptides serve. 

In conclusion, we propose that the ENTH domain is an impor- 
tant domain within proteins involved in endocytosis and the cyto- 
skelcton. The amino acid conservation among the ENTH domains 
in proteins of fungal, plant, and animal origin strongly suggests 
that this domain is functionally important. Future experiments will 
determine whether or not the ENTH domain has ligand binding or 
enzymatic activity in the cell. 
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Epsin (epsin 1) is an iDteractin^ partner for the EH 
domain-containinff reifios of EpslB and has been impli- 
cated in coojunction with EpslB in clatfariD-mediated 
endocytosis. We report here the characterization of a 
similar protein (epsin 2), which we have cloned from 
human and rat brain libraries. Epsin 1 and 2 are most 
similar in their NHa-terminal region, which represents a 
module (epsln J^Ha terminal homology domain, ENTH 
domain) found in a variety of other proteins of the data 
hasa. The multiple DPW motifs, typical of the central 
region of epsin 1, are only partially conserved in epsin 2* 
Both proteins, however, interact through this centra] 
region with the clathHn adaptor AP-2. In addition, we 
show here that both epsin 1 and 2 interact with clathrin 
The three NPP motifs of the COOH-terminal region of 
epsin 1 are conserved in the corresponding region of 
epsin 2, consistent with the binding of both proteins to 
EpslS. Epsin 2, like epsin 1, is enriched in brain, is 
present in a brsin-derived clathrin -coated vesicle frac- 
tion, is concentrated in the peri-Golgi region and at the 
cell periphery of transfected cells, and partially colocal. 
izes with clathHn. High overexpression of green fluores- 
cent protein -epsin 2 mislocalizes components of the 
cldthHn coat and inhibits clathrin -media ted endocyto* 
ais. The epsins define a new protein family implicated in 
membrane dynamics at the crell surface.* 



Epsin (epsin 1) is a recently chsrecteriied protein with a 
putative role in dathrin-mediated endoqrtosis. Its COOH-ter- 
minal region, which contains three repeats of the EH domain 
binding consensus NPP, interacts with the EH domains of 
EpBl6 (1-3). whereas its central region binds the clathrin adap- 
tor AP-2 (4). Epsin 1 is enriched in brain and is partially 
BBsodated in oitu with clathrin coats. Disruption of cpein 1 
function in fibroblasts by either overexpression, microii>jectioa 
of its AP-2 binding central region, or microinjection of antibod- 

•This work was partially .opported by NaUonal ReBcarch Sendee 
Award reecarch Grant NS10424-01 (to J. A. R), a European Molecular 
Biology feUowBhjp (to L.P.), and National hjfltilnt«e of Health Granta 
CA46128, NS36251. and NS3S709 a grant from the U. S i^ul^^ 
Research and Development Command (to P. D. C). The costs of publi- 
cation of this article were defrayed in part by the payment of pan 
charges. Thia article must therefore be hereby marked "adverlUemerU' 
la accordance with 18 U-S.C. Section 1734 solely to indicate thia fact. 
, '''^/f?.^,"^^*' reported in ihi, paper has bttn submitted 

to the G«nBank^/£BI Data BanJk with accession number(a) AF062086 
(human 2c), Ar062084 (human 2b), and AF096296 (rat 2), 

I To whom correepondcnce should be addreeBed: Dept. of Cell Biology 
Howard Hughes Medical bietilute, 296 Cocgreaa Ave.. New Haven OT 
06510. Tel.: 203.737-M66; Pax: 203-737-1762; E-mail: pietro.decaiuii 
@^ale.edu. 
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ies has a potent inhibitory effect on dathrin-mediated 
endocytosis (5). 

Screening of a prokaryotic expression Kbrary from human 
fibroblasts with a GST* fusion protein comprising the EH do- 
mains of EpslS led to the isolation of several clones interacting 
with these domains. One of them, EHB21 (6), encoded a partial 
sequence similar (34%) to the COOH-terminal region of rat 
epsin 1. Based on the EHB21 aequence, we have screened 
human and rat b*brarie8 to obtain ftdl-length open reading 
frames. The sequences obtained encode a novel protein, epsin 2, 
which is closely related to but is distinct from epsin 1. We 
report here a characterization of this protein and demonstrate 
that epsin 2, like epsin 1, is implicated in clathrin function. 

EXPERIMENTAL PROCEDURES 

Aniifcodie*— Polyclonal antibodies againat epais 2 were directed 
against the coding amino adds of the EHB21 ck)ne (6). Rabbit poly- 
clonal antibodies £psl6 and epain 1 were previoualy described (2, 5). 
Mouae monodona] antibodies directed against clathrin (TD.l and X.22), 
o-adapUa, and A-adaptin were obtained from ATCC (Manaaaac, VA), 
Affinity Bioreagcnta (Golden, CO), and Sigma, respectively. AnU-glu* 
tanaic acid decarboxylase antibodies and anti-aynapain 2 antibodiea 
were aa described (7, B) 

Cloning of Epain 2 cD/M— A 4a5-base pair fragment of BHB21 (6) 
comprising ita coding region and the first 120 base pairs of the 3'- 
untranslatod region was ampUiied by PGR fnm the done using the 
following oUgonudeolide primers: forward primer, 6'<tggactcectggt- 
gacc-3': reverse primer, 6'-gctggagctgaaaagcce^'. This fragment was 
radjoactively Ugged by lo-^PldCrrP via random prime-lobding (Roeha 
Molecular Biocbemicals). Ihe labeled product was used aa a pnbe to 
Bcreen a human cerebellar cDNA A2AP lifaraiy'CStrategene, La JoDa, 
CA), A partial clone {aolated from the screen (containing a 1 kilobase 
uieert) was in turn used as a probe to screen a human brain Agtll cDNA 
Bbrary (Cl-ONTECH, Palo Alto, CA). Multiple screens of the Agtll 
human brain library led to several overiapping donea, none of whidi 
conUined a full-length open reading frame, A lull-length dene (17/4) 
was assembled from done 4. which contained the tennination codon 
and from dona 17B. which induded the puUtive start codon ATG* 
(within an apparent Koxak conaansus) (8) but lacked the 3' end. Clone 
17/4 waa generated by UgaUon of two gcl-purified fragmenU (1151 and 
1086 base pairs, respectively) obtained from dJgesUon of done 17 and 
done 4 within pBluescript with ficoRI and MluL The resulting con- 
struct was eubcloned int« pBluescript (epsin 2B/pBS10. The sequence of 
several other partial donee was identical to that of done 17/4, hence- 
forth defined es epsin 2a, with the exception of a 174*a8e pair deletion 
(aec Fig. lA), resulting in e 6S-amino add ddebon in the open reading 
frame (epsin 2b). Nudeotide sequences were anelyaed using the Laser- 
gene software package (DNASTAR Inc., Madleon. WI). The Genetics 
Computer Group implementation of Paup version 4.0d5G Was used to 
generate a single maximum parsimony tree from the alignment shown 
ID Fig. 2A. The phylogeneUc tree is unmoted with bootstrap values 

I The abbreviations used ore: GST. glutathione S-tronsferase: PGR. 
prfymeraae chain reacUon; PAGE, polyaaylamide gel electrophoresis; 
GFP. green nuorescent protein. • , 
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indicated along the branchea to asaesB the confidence of each branch «f 
the topology. All braachea are resolved with a high (>50%) confidence 
(33). 

The rat epsin 2 sequence was obtained by PCB cloning from a rat 
brain cDHAUbrsTy using primers that were generated based on human 
epsin 2 sequence b. Three pairs of primers ((5'.GCAAGGACCAGGGC- 
ATCAATG-3', 6'.TGAAGTCCGAAGGTTGTCAAATTC-8') and (5'<;C- 
CCCGGCCTTGCCATACT-3', 6'-CAGCCACTCGGAGCAGGAGTAT- 
30. and (6'-ATGACAACTTCGTCTATCAGACGG^'. 6'-CTAGAGAAQ- 
OAAAGGGTTGGTTGTG-S')) were sdded to a single PGR at a final 
concentration of 2 nutc The longest PGR product was gel-«xtraeted and 
Bubdoned into a TA vector (Invitrogen) and fully sequenced, confirming 
the generation of a fiilMength rat epsin 2 clone. 

Production efJUoombinant ProUint^A portion of the coding regimi 
of human epsin 2 containing the three KPF motifs (amino adds 624- 
642 human opsin 2a), the DPW domains of epsin 2 (amino acids 318- 
456 of human epsin 2a), and the ENTH/DPW domain of epsin 2 (amino 
sdds 1—466 of human epsin 2a) and epsin 1 (amino adds 1^401) were 
smpliSed by PGR uiing Tag polymerase. T^e PGR fi-egment encoding 
the NPF motiis was subdoned into the TA vector (Invitrogen, Carlsbad, 
CA), cleaved with £coRI, and Ugated to pGEX4T-2 (Amershem Phar- 
mada Biotech) to obtain a GST-NPF fusion protein. The PGR product of 
the DPW domain of epsin 2 was digested with EcohWOiol and sub- 
doned into the aame vector to obtain a GST-DFW fbsion protein. The 
ENTH/DPW domain firagments were digeated with EeoBSfXhol (epsin 
1) and HmdlU^Chol (epsin 2) and subcloned into pcDNAS (Invitrogen, 
GarlBbad, OA). GST fusions of the ENTH/DPW of epsin 1 and 2 were 
prepared by subdoning £coRI£ir/u>I inserts into pGEX6 (Ameraham 
Phannada Biotech). DH6a or BL21(DE3) host strains vrm trans- 
formed, and both oonstmeta were verified by sequencing (Keek Biotsdi- 
nology Resource Lsboratoxy, Yale University). Rat epsin 1 constructs 
and GST fusion proteins of amphiphysln 1 (amino acids 262-406 and 
262-376) were previousl^y described (6, 9). Proteins were purified on a 
glutathione 4B-Sepharos« aSinity matrix (Amersham Pharmada 
Biotech). 

Affinity Chremaiography^ASfinity chromatography of a rat brain 
extract on the GST-NPF domain of epsin 2 was performed as described 
previously (9). For the study of AP-2 and dathrin binding to GST fusion 
proteins, a rat brain homogenate was extracted with I M Tris, pH 6.9, 
2% Triton X-100, and a protease inhibitor mbcturs and spun at 
100,000 X ^ for 1 h. The supernatant was desalted in a buCTer contain* 
Ing 126 TxM KCU 26 nm Hepes, and 1% Triton X-100. Proteins specifi- 
cally retained by the affinity matrix were eluted into SDS/PAGE sample 
buffer, separated by SDS/PAGE, and transferred to nitroesUulose tar 
WesUra blotting (8X 

In Vitro TYansUitiona — cDNA dones encoding ludferaae (Promega 
.Co.), amphiphysin I (10), rat epsin 1 (6), human epsin 2, and fi-agments 
of rat epsin 1 and human epsin 2 comprising both the EINTH and DPW 
domains (amino adds 1-401 and 1-466, respectively) were la vitro 
trsnscribed and translaUd using |'*S1methienine with a T7-coupled 
transcription/translation system (Promega Co.) according to maniifac- 
turer's instruction b. The radiolabeled products were separated by SDS/ 
PAGE and quantitated so that equivalent amounts of radioactivity 
could be added in eadi binding reaction. The products were than Ineu- 
bated for 2 h at 4 *C in phoophate-buifered saline containing 1% Triton 
X-100, 6 mM EDTA, and 1 mg/ml bovine serum albumin with 60 f;d of 
gluts thione-Sepharose with a prebound GST or GST fusion protein of 
the NHa- terminal 679 amino adds of the clathrin hesvy chain (kindly 
provided by James Keen, Kxnunel Cancer InaUtute). "Hie beads were 
pelleted by centrifugation and thoroughly washed in the same bnfier. 
The bound proteins were eluted in 40 iil of SDS sample buffer and 
separated by SDS/PAGE followed by audioradiography. 

Subcellular ^acfiona<ion— Subcellular iractionation of rat brain to 
obuin a fraction enriched in dathrin-costed vesides was performed as 
described (11). 

Celi Transftctiont and Jmmunofluorescente — A full-length OFP^ 
tagged human epsin 2b done was constructed by PGR modification of 
the 6'H*nd of the epsin 2a sequence to incorporate additional restricUon 
sites. This clone was subdoned into an enhanced green fluorescent 
protein vector with XAoI/BomHl. FulMcngth Xpress-tagged rat epsin 1 
was prepared as described (6). The cDNA-containing vectors were pu> 
rified with a Maxiprep kit (Qiagen, Chatsworth, CA) and used to trans- 
feet Chinese hamster ovary cells by the LipofecLAMlNE method (Life 
Technologies, Inc.). Trsnsfected cells were fixed in 4% paraformalde- 
hyde and subjected to imroimolluoreecent aUining as described (12). 



RESULTS 

Domain Structure and Expression Pattern of Bpsin 2 — A 
construct derived from the BHB21 clone was used as the initial 
probe to isolate via sequential libraiy screens several overlap- 
ping human DHA sequences that encode an open reading 
frame, epsin 2, closely related to epsin I. A corresponding 
full-length clone (epsin 2a) was assembled from two overlap- 
ping dones encoding the 6' (clone 17B) and 3* ends (clone 4) of 
the open reading frame. The putative start codon is surrounded' 
by a sequence that conforms to the initiation consensuB se- 
quence as defined by Kozak (13) and is preceded by an in-fFBxne 
stop oodon. Fuitiiennore, it aligns with the start ATO of epsin 
1. Other dones encoded identical sequences, with the exception 
of a deletion of amino acids 200-267, present in the majority of 
clones. This finding suggesta the occurrence of a shorter epsin 
isoform (epsin 2b) resulting from alternative splicing. The pres- 
ence of the two epsin 2 variants was confirmed by PCR ampli* 
fication from a human brain library of the portion of the epsin 
2 gene comprising this region (data not shown). 

A PCR-based strategy was then used to obtain from a rat 
brain library the nucleotide sequence of rat epsin 2, The se- 
quence obtained does not include the 68-amino acid insert (see 
above), l^e deduced amino acid sequences of human and rat 
epain 2 (accession numbers: AP062085 (hmnan 2a), AF062084 
(human 2b), and AF096296 (rat 2)) are shown in Fig. lA, where 
they are aligned with each other and with rat opsin 1. Epsin 2 
comprises the same main domains as epsin 1, with the NH2- 
terminal portion of the protein, which contains the epsin ho- 
mology domain (6) (£psin HHs^^erminal homology: ENTH) be* 
ing the most conserved between rat epsin 1 and 2 ('-86% 
identity) and between human and rat epsin 2 (-*98% id^ti^) 
(Fig. IB). This domain is present in a variety of partial and 
complete open reading frames from several specieB in the data 
base (Fig. 2A), including open reading frames otherwise sub- 
stantially dissimilsr from epsin. It appears, therefore, to be a 
protein module with a conserved' function from yeast to man 
(Fig. 2). As shown by the alignment of Pig. 2A, a few amino 
adds of the ENTH domain are 100% conserved in all of the 
sequences. 

The carboxyl-terminal region (NPF domain) is leas conserved 
between epsins 1 and 2 (33% identity) but contains three NPF 
moti& in both proteins. This is consistent with the isolation of 
EHB21 as an interactor for the EH domain of EpslS <6). The 
DPW motifs of the central region CDPW domain) are only par- 
tially conserved between epsin 1 end epsin 2. This centra] 
region is the least conserved between rat epsin 1 end 2 (—26% 
identity) and also between rat and human epsin 2 (-«79% 
identity) (Fig. IB). The DPW domain of epsin 2 contains the 
sequence LLDL, which precisely fits the core of the putative 
consensus for binding to clathrin (14-16). The Xenopus mitotic 
phosphoprotein MP90 (17) is more similar to epsin 1 (—61%) 
than to epsin 2 (—40%), and the putative phosphorylation site 
for Cdc2 kinase in MP90 (17) is also present in the DPW 
domain of epsin 1 (6) but not in that of epsin 2. 

In Western blots, antibodies generated against a GST- 
EHB21 ftision protehi (corresponding roughly to the NPP-eon- 
taining region of epsin 2) reacted primarily with a doublet of 
74- and 65-kDa bands in a human brain homogenate and a 
74-kDa protein band in a rat brain homogenate (Fig. 3A). The 
same antibodies recognized a 74-kDa band in Chinese hamster 
ovary cells tranefected with hemagglutinin-taggcd human ep- 
sin 2 (Fig. 3£). The 65-kDa band visible in human brain homo- 
genate may therefore represent either an isoform or a proteo- 
lytic fragment of the 74-kDa band. A 74-kDa apparent 
molecular mass is only slightly higher than the predicted size 
of epsin 2 band based on its amino acid composition (68 kDa for 
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FtC. 1. AlignxDont of the deduced amino acid aequenoe of hu<> 
man (A) epsin 2b, rat (r> epsin 2, ajtid rat «p8in 1. A» primary amino 
acid sequence of the three protcine. A segment that is absent in human 
epain 2b ia indicated by arrouti. DPW motifs are uncUrlin^df and NPF 
motifa are indicated by aatwUk». Th9 sequenoea that share Bimilarity to 
a elathrin binding consensus in the dathrin binding fragments of epsin 
1 and 2 are indicated by bradttta, B, domain structure of the three 
proteins. Numbers indicate the percent identities between conrespond- 
ing domains. 



human epsin 2a). In contrast, epsin 1, whose predicted size is 
only slightly greater than that of epain 2, migrates with an 
apparent molecular mass of about 94 kDa in SDS/PAGE (Fig. 
aA). Baaed on the analysis of the SDS/PAGE mobility of epsin 
h-agmenta, this difTerenee is primarily due to the different 
mobilities of the DPW domains of epain 1 and 2 (not shown). It 
. is most likely due to the higher content of acidic amino acids in 
the DPW domain of epsin 1 (predicted pi 3.3) than in the DPW 
domain of epsin 2 (predicted pi 9.08). Ab shown in Fig. 3B, 
antibodies directed against epsin 2 do not recognize epsin 1 in 
either brain or transfected cells. 

Western blot analysis of a variety of rat and human tissues 
demonstrated a widespread tissue distribution of the protein 
(Fig. 4). Similar reaults were obtained by Northern blotting 



(not shown). The highest concentration of the protein was ob- 
served in brain. 

Epsin 2 Binds EpsJS, a-Adaptin, and Clathrin^^e next 
investigated the binding properties of epsin 2. Extracts of rat 
brain were a£5nity-ptsriiled on GST fusion proteins of epsin 2 
fragments, and the bound proteins were revealed by Western 
blotting. The NPF domain bound specifically to EpslS (fig. 6) 
but not to glutamic add decarboxylase, another abtmdant 
brain cytosolic protein (18) tued as a control, in agreement with 
the isolation of the EHB21 clone as an interactor for its SH 
domains (6). 

The DPW domain of opsin 2 bound AP-2. as revealed by the 
enrichment in the bound material of the AP-2 subunits, oc and 
^-adaptins (3) (Fig. 6). Blotting of the material affinity-purified 
by thia construct for a variety of endocytic proteins demon- 
strated that the DPW domain of epsin 2 also bound elathrin 
(Pig. 6B), in agreement with the presence of the elathrin biiid- 
ing motif LLDL in this domain (14-16). GST, used as a nega- 
tive control, did not bind either protein, whereas amphiphysin 
1, used as a positive control, bound both AP-2 and elathrin as 
expected (Fig. 6, A and B), A GST fusion protein of the DPW 
domain of epsin 1 bound elathrin only slightly above bsick- 
ground (not shown). We noted, however, that the sequence 
LMDLAD is present at the very NHg-terminal end of 
construct of opsin 1, and unfavorable folding of this fusion 
protein may interfere with binding to elathrin. We considered . 
the possibility that epsin I as well may bind elathrin and that 
flanking regions may be required for optimal binding of elath- 
rin to epsin. We compared, therefore, binding of GST fusion 
protehia of longer epsin 1 and epsin 2 constructs (amino adds 
1-402 of epsin 1 and amino adds 1*466 of epsin 2). As shown 
by Fig. 6C, both constructs, but not GST alone, bound similar 
levels of AP-2 and similar levels of dathrin. Clathrin binding 
was also observed when the brain extract used for the sfBnity 
purification was depleted of AP-2 by preincubation with a GST 
fusion protein comprising selectively the AP-2 binding domain 
of amphiphysin 1 (10) (not ahown). This finding strongly sug- 
gests that not only the interaction between epsin and AP-2 (6), 
but also the interaction between epsin and dathrin, is direct. 

To f\irther demonstrate a direct interaction between clathrin 
and epsin 1 or 2, in vitro translation experiments were per- 
formed. Epsin 1 and epsin 2 fragments corresponding to those 
used for Fig. 6C, amphiphysin 1 (positive control) and ludfer^ 
ase (negative control), were transcribed and translated in vitro 
and then incubated with immobilized GST or a GST fusion of 
the NH^-terminal domain of clathrin. This clathrin domain was 
previously shown to be the region of clathrin that binda the 
consensus sequence L(L/I)(D/E/NXUF)(D/E) (14, 19). As shown 
by Pig. 7, epsin 1 and epain 2, their ENTH-DPW domain frag- 
ments and amphiphysin 1 bound clathrin, whereas ludferase 
did not. None of the proteins bound GST alone (not shownX 
Binding of ejMin 1 and 2 to clathrin was similar to that of 
amphiphysin 1 in this assay. 

Epsin 2 Js Partially AsBoeiaied with Clathrin Cools-^Rat 
brain homogenate was fractionated to generate a highly en- 
riched clathrin-coated vseicle fraction* Epsin 2 was partially 
recovered in the purified coated vesides, although it did not 
co-enrich with clathrin and AP-2, i.e. the intrinaic components 
of the clathrin coat. Instead, ita recovery in the clathrin-coated 
vesicle frsction was similar to that of Epsl5 (Fig. 8), epsin 1, 
and of other accessozy proteins of the dathrin coat (5) (Fig. 8). 
Synapain 2, a protein previously found to be absent from dath- 
rin-coated vesicles (8) was not present in the same fraction. 

The subcellular localization of epsin 2 was further analyzed 
in cultured fibroblastic cells. Since endogenous epsin 2 was not 
detectable by available antibodies, epsin 2 was expressed in 
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these cells as a GFP-tagged fusion protein. In cells expressing 
it at low to moderate levels, GFP-epsin 2 appeared as line 
pimcta sparse throughout the cell and particularly concen- 
trated in the central region where the Golgi complex is local- 
ized. This distribution was very similar to the distribution of 
clathrin immunoreactivity (Fig. 0, a and 6). In highly express- 
ing cells (Fig. 9, e-jf), GFP-epsin 2 produced en intense and 
continuous labeling of the cell surface as well as one or roore 
bright, compact sn&sses in the central region of the cell. In these 
cells a major redistribution of components of the clathrin coat 
was observed, as shown by the collapse of clathrin, EpslS, and 
to a lesser extent, into the same central ma88(e8) positive 
for GFP-epsin 2 (Fig. 9, c-/»). Furthermore, in these cells, on 
inhibition of the internalization of Texaa red-labeled trans- 
ferrin was observed (Pig. 9, i and J). Similar results were 
obtained by using epitope-tagged epsin 2 instead of GFP-epsin 
2 (data not shown). 

DISCUSSION 

We report here the characterization of a new protein that 
shareB significant primary sequence similarity with epsin (ep- 
sin 1) and that we have therefore defined as epsin 2. Epsin 1 
and 2 have the same tripartite domain structure, similar pro- 
tein binding partners, and similar subcellular localization. Fur- 
thermore, both proteins are enriched in brain. Despite these 
similarities, a number of differences have also emerged. 

The region of highest similarity between the two proteins is 



the NHs-tenninal domain, most strikingly, the first 150 amino 
acids. Based on data base searches, this domain defines a new 
protein module conserved firom yeast to man (6) (epsin HHs* 
terminal homology domain or ENTH domain). Alignment of 
these sequences reveals several sites with 100% conservation 
and numeroxis other sites with conservative amino acid aubsti- 
tutions. It is of interest that about half of these proteins and 
perhaps more, due to the incomplete sequence of some of these 
genes, contain one or multiple NPF moti&, even if some of them 
do not appear to represent true orthologues of either epsin 1 or 
2. Since the NPF sequence was found to represent an EH 
domain binding consensus, this observation suggests that a 
physiologically important link between ENTH domains and EH 
domain-mediated interactions, "nils protein module, first iden- 
tified in epsin 1 (5), has been recently and independently dis- 
cussed by Kay et at (20). 

The second most conserved portion in epsin 1 and 2 is the 
COOH-tenninal region, which contains the three NPF motifs. 
The interaction of this region with Epal5, predicted by the 
expression screen that led to the isolation of the EHB21 clone, 
WBB now confirmed by afnnity chromatography of EpslB. The 
least conserved region is the central DPW domain, which con- 
tains only 3 fully conserved DPW repeats in epsin 2, in contrast 
to 8 repeats in the corresponding domain of epsin 1. Most 
important, although this domain is very acidic in epsin 1, it has 
a basic iaoelectric point in epsin 2. This difference correlates 
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?ic. 4. Tiesue distribution of ep«iD 2. Western blot analysis ofthe 
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Fic. S. Electrophoretxe mobility of epvin 1 and 2 in tranefeeted 
cells and brain. A, Westen blot of rat and human brain homogenata 
using preimmune, anti-epsin 1» or anti-epsin 2 antisera. Western 
blots of Chinese hamster ovary cell lysates tranefected with the indi> 
cated epsin constructs and human and rat brain hompgenatas. HA, 
hemasghxtuuB. 



with the presence of a phosphorylation eite for Cdc2 kinase in 
epsin 1 (6), but not in epsin 2, and with corresponding obser- 
vation that epsin 1, but not epsin 2| undergoes a pbosphoryla* 
tiondependent shift in electrophoretic mobility in mitotic cells 
(B. 17, 21). 

. Despite these difference, both DPW domains have similar 
AP-2 binding properties. Thus, the peculiar and distinct orga- 
ni2aUon of the DPW motifs in the two proteins must have 
additional functions beside AP-2 binding. However, a contrlbu* 
tion of at least some DPW repeats to AP-2 binding is plausible. 
It was shown previously that the tmique arrangements of the 
multiple DPF motifs in the COOH-terminal region of £psl5 is 
not essential for AP-2 binding, although some of the numerous 
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B 

clalhrtn(HC) 
ri- adaptin 
5- adaptin 




ct8thrln(HC) 



FiC. 6. The DPW domaina of epaln I and 2 bind clathrin and 
AP*2. A and B, a Triton X-100 extract of rat brain was affixuty^purified 
on similar amounts of GST or GST fusion proteins comprising amino 
adds 262-406 of amphiphysin 1 or the DPW domain of epsin 2 (amino 
adds 318-466). The bound material was stained by Coomaseie Blue (A) 
or reaeUd by Western blotting for the heavy chain of clathrin and for 
the AP-2 Bubunita a> and ^adaptins (B). Note that lanet corxespondiog 
to GST were from the same gei aa other samples. C, Weatem blotting for 
the heavy chain QiC) of clathnn and for o-adaptin of the material 
affinity-purified by GST fusion proteins of epsin 1 and 2 fragments 
comprising both the ENTli and the DPW domaina. 
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FJc. 7. Epsins 1 and 2 directly bind elatbrin. Hie *»S.labeled 
products of in vitro transcribed and trflnBlat€d cDNAs encoding lucif. 
erase, amphipbyaln I, rat epsin 1, humaa epsin 2a, ENTH-DPW epain 
1 (amino sdda 1-401). ENTH-DPW epsin 2a (amino edda K4B6) were 
incubated with inamoblHzed GST iViaion proUin comprieing the NH,- 
Urminal 579 amino acids of dathrin heavy chain. Boimd proteina ware 
viBualized by audioradiography. A iowtr band in eptin 2 lane denotea a 
fragment of epain 2 that Hkdy roaulta from a premature terxnination of 
iht tranalation product, as this lower protein does not bind the EH 
domain of Ep8l6. 



SI P2 



S2 LP1 LSI LP2 LS2 CCV 



Clathrin 




Fjo. B. Epein 2 l« prcaent in » puHfied c) a tbHn. coated veaicle 
fraction. Subcellular fraction* of rat brain obtained during the prepa- 
ration of dathrin-coated veaidea (CCV) (II) were reacted by Westwn 
blotting for the proteina indicated. NoU that the fractiona are defined 
accordmg to Mayow ci. (11) and refer to fracUona iaoleted in the 
preparation of dathrin-coated veaiclea and that the UP2 fraction differs 
fron^thet described by HuttnertfC ai. (8) in the p»«paration of synaptic 



DPF moUfs were found to partidpate in auch an interaction 
(1. 22). 

Both epsJns bind the NHg-terminal domain of dathrin. Epain 
1 and 2 contain the eequenees LMDIAD and LLDLMD, respec- 
Uvely. at the NHa-tenninal side of their DPW dbmaina. Baaed 
on the aimilarity of these eequences to a previously defined 
coneensua for dathrin binding (LO/IXD/E/NXL/PXD/B)) (14, 
15), it is conceivable that auch sequences may represent the 
core of the clathrin binding domain. 

All these findings support the hypothesis that epsin 2, b'ke 
epsin 1, is imphcated as an acceaaory factor in clathrin-medi- 
ated endocytosis. This hypothesis is further confirmed by the 
partial co-loealisaUon of GFP^pain 2 with clathrin in trans- 
fected cells and by its property, when greatly overoxpressed, to 
miBlocali2e clathrin coat components and to block the rlathrin- 
mediated intemnlization of transferrin. In highly overexpreas- 
ing cella, a pool of GFP-epsin 2 was concentrated under the 
plaamamembrane despite the coalescence of clathrin coatcom- 
ponents and of the majority of GFP-epsin 2 to the central region 
of the cell. It was shown previously that epsin 1 as well, when 
overexpreesed by transfection, can reach a concentration at the 
cell surface that far exceeds the concentration of dathrin, AP-2, 
and £psl5 (5). One must infer that epsin 1 and 2 have binding 
sites in the cortical cytomatrix besides components of the clath- 
rin coat. 




GFP-Epsln2. 



^J2P' ®* Bouble fluorescence ixoagos showing the localfzatton of 
GFP^pain 2 in traasfeoted Chinese hamster ovary eeHs and the 
it^verexpressioB on the loeallkation of endocytio 
markers. GFP-epsin 2 colocaliies with dathrin (a and b) when ex- 
pressed at a low concentration. In hi^ overexpreaaing cells (c-s), the 
loaOiutran of AP.2. dathrin. and EpalB is severely disrupted. In &ese 
ocDs the iDtemalisation of transferrin is impaired (A and i). 

The partial sequences pf two proteins. Ibpl and Ibp2, inter- 
eectin-binding proteins 1 and 2. which are likely to represent 
mouse epsin 1 and 2. respectively, were reported while this 
study was in progress (22). Intersectins (also referred to as Eae 
1 and 2) (23) are the vertebrate homologuce of the Drosophila 
DAP160 protein (24) and contain multiple SH3 domains and 
EH domains (25, 26). They bind epsin 1 (Ibpl) and 2 (Ibp2) via 
their NHa-terminal EH domain and £psl5 via a coiled-coil 
region (22, 23). Since DAP160 and the intersectina alao bind 
dynamm and aynaptojanin (24), proteins of the DAPlSOInter- 
sectin family may Unk the function of these proteins to the 
function of EpslS and epsin. A picture is emerging in which 
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foimation of a clathrin-coated vesicle ia assisted by a variety of 
accessoTy fsctora that interact with each other to form large 
jsacromolecular complexes. At least one component of these 
complexes is a lipid -metabolizing enzyme, the inositol phospha- 
tase synaptojanin (27). Other proteins of the complex have been 
linked to actin function from genetic studies in yeast and bio- 
chemical studies in mammalian tissues (28-^1). It is therefore 
likely that this network of protein-protein interactions may 
coordinate formation of a coated bud and then of a free vesicle, 
with changes in the actin cytoakeleton and in the lipid compo- 
nents of the vesicle membrane. 
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